Carcinogenesis has a multifactorial etiology, and the underlying molecular pathogenesis is still not entirely understood, especially for eye cancers. Primary malignant intraocular neoplasms are relatively rare, but delayed detection and inappropriate management contribute to poor outcomes. Conventional treatment, such as orbital exenteration, chemotherapy, or radiotherapy, alone results in high mortality for many of these malignancies. Recent sequential multimodal therapy with a combination of high-dose chemotherapy, followed by appropriate surgery, radiotherapy, and additional adjuvant chemotherapy has helped dramatically improve management. Transcription factors are proteins that regulate gene expression by modulating the synthesis of mRNA. Since transcription is a dominant control point in the production of many proteins, transcription factors represent key regulators for numerous cellular functions, including proliferation, differentiation, and apoptosis, making them compelling targets for drug development. Natural compounds have been studied for their potential to be potent yet safe chemotherapeutic drugs. Since the ancient times, plant-derived bioactive molecules have been used to treat dreadful diseases like cancer, and several refined pharmaceutics have been developed from these compounds. Understanding targeting mechanisms of oncogenic transcription factors by natural products can add to our oncologic management toolbox. This review summarizes the current findings of natural products in targeting specific oncogenic transcription factors in various types of eye cancer.
Introduction
Natural products have been used on an empirical basis for healing throughout history. According to the World Health Organization in 2008, more than 80% of the world's population relies on traditional, ethnobotanical medicines for their primary healthcare needs [1, 2] . Studies of biologically active components from natural products derived from plants, animals, and microbes have led to several advancements in medical therapies. Before the chemist Felix Hoffman at Bayer developed aspirin, the ancient Egyptians and Greeks treated pain with willow leaves and bark, which contain the active component used to derive aspirin [3] . Lately, natural products have received considerable attention for their anticancer activity. As a matter fact, 74.9% of anticancer drugs (excluding vaccines and biologicals) developed between the 1940s and 2010 are naturally derived or inspired [2] . Active components from natural compounds, such as alkaloids, taxanes, and flavonoids have been utilized to develop chemotherapeutic drugs to treat various cancers such as leukemia, breast, prostate, and ovarian cancer [4] [5] [6] [7] [8] [9] .
While natural compounds are used to treat various cancers or are currently in clinical trials, research regarding the application of natural products to the treatment of ocular cancer is lacking. This is most likely due to the rarity of ocular cancers. Previous epidemiological studies of Western populations suggest that eye cancers account for about 0.2% of cancer diagnoses and less than 0.1% of cancer deaths [10, 11] . However, while rare, they greatly diminish quality of life and are deadly if left untreated. The most common adult intraocular cancer is uveal melanoma, and it is the most lethal melanoma with survival rates at 50% over a 10-year period [12] . The most common pediatric intraocular cancer is retinoblastoma, and the first-line treatment for Grade I-IV retinoblastoma according to the International Retinoblastoma Staging System (IRSS) is enucleation, leading to irreversible blindness [13] .
There is much overlap in the mechanisms underlying the various types of cancers. Overexpression of oncogenes and inactivation of tumor suppressor genes are typically the initiating events in tumor development [14] [15] [16] [17] . Some of these genetic and epigenetic events involve genes encoding transcription factors, which bind to specific DNA elements and regulate several gene expression patterns. Three groups of transcription factors are known to play important roles in cancer [18] . The group first recognized is the steroid receptors (e.g. estrogen receptors in breast cancer and androgen receptors in prostate cancer) [19] . The second group identified is resident nuclear proteins, normally activated by serine kinase cascades [20] . And the most recently recognized group is the latent cytoplasmic factors, normally activated by receptor-ligand interaction at the cell surface [21] . Multiple dysregulated genes converge to specific sets of transcription factors, and interference at these transcription factors is highly desirable in drug development [21] [22] [23] [24] .
Natural products of plants and microbes offer an important and largely unexplored pool for the identification and development of novel drugs. They are exceptionally diverse and can produce a variety of secondary metabolites that have therapeutic functions. It is estimated that only 6% of identified plant species have been systematically investigated pharmacologically [25] . Additionally, microbes, such as endophytic bacteria, are able to biosynthesize some anti-cancer metabolites, hosting a reservoir of potentially therapeutic compounds. The vast microbial diversity has great potential for the discovery of new drug leads. Thus, natural products are an untapped potential that can lead to the development of better, safer and more effective anticancer drugs.
Research regarding natural products for treating ocular cancers is limited. By discussing key ocular oncogenic transcription factors and pathways in eye cancer and the natural agents known to affect these same pathways in other cancers, we hope the consolidated information will be used for future translational research in ocular oncology drug discovery. While some pathways are important in multiple ocular cancers, in this review, we summarize current findings of natural products that target the pathways most pertinent to each different type of eye cancer. Elucidating natural products' effects on directly or indirectly modulating oncogenic factors may enhance our development of better pharmaceutical scaffolds and new targeted therapies for the management of ocular tumors ( Fig. 1 ) [11] . 
Retinoblastoma
Retinoblastoma (RB) is the most common pediatric intraocular malignancy with approximately 8000 children newly diagnosed worldwide each year [26] . It is most commonly noticed when the tumor blocks the retina's red light reflex, causing patients to present with leukocoria. The second most common clinical presentation is strabismus [26] .
Primary treatment of RB seeks to reduce the risk of metastasis and cancer-related death, eliminate the tumor, salvage the eye, and preserve vision [27] . Enucleation remains the most favored approached globally, but intravenous chemotherapy (carboplatin, etoposide, and vincristine), intra-arterial chemotherapy (melphalan, topotecan, and/or carboplatin), and focal therapy (laser therapy or cryotherapy) are emerging as promising options in RB patients [27, 28] . Different natural products that target signaling pathways involved in retinoblastoma progression have been identified and are discussed below (Fig. 2) .
CyclinD-cdk/RB/E2F & MYCN
RB is characterized by the biallelic loss of the retinoblastoma gene RB1, which encodes the cell-cycle regulator protein pRB. In the absence of mitogenic signals, the hypophosphorylated form of pRB binds to the transcription factor E2F and suppresses the expression of cell proliferation genes. As a result, cell cycle halts in the G1 to S phase transition. When the cell is ready to progress, mitogenic signals induce expression of cyclin D. Cyclin D binds with cdk4 or cdk6 and hyperphosphorylates pRB. This inactivation of pRB releases E2F, which then promotes cell proliferation. Anti-proliferative signals are integrated into this pathway at the cyclin-cdk4/6 complex. When DNA is damaged, for instance, Cip/Kip proteins (p21, p27, p57) are expressed and inhibit cyclin-cdk complexes. In RB1 −/− cells, E2F is always unbound. Even in the absence of mitogenic signals, cells can express proliferative genes [29, 30] . However, this is not the entire RB story. Retinocytoma is a benign RB1 −/− tumor [31] , and further studies are needed to understand how it develops malignancy.
RB1 +/+ patients can develop RB characterized by high MYCN expression [32] . These cases are associated with early age onset. In neuroblastoma, MYCN is known to target SKP2, and SKP2 degraded p27 [33] . This would result in an inactive pRB and expression of proliferative genes. In RB1 +/+ cells, pRB was found to be phosphorylated at S608 and S795, which are key residues for its interaction with E2F, but the MYCN/SKP2/p27 pathway was shown to be inactive [34] . Another mechanism yet to be determined is likely involved.
BET inhibitors
Bromodomain and extraterminal (BET) protein BRD4 acts as a transcriptional coactivator of cell cycle genes by recognizing acetylated lysine residues on histone tails and activating oncogenic chromatin regions, such as MYCN and CDK. BET inhibitors can displace BET bromodomains from chromatin by competitively binding to the acetyl lysine recognition pocket, preventing oncogene activation. Natural agents such as 2,5-diketopiperazines (2,5-DKPs), particularly fumitremorgin B, isolated from the co-cultured Penicillium sp. DT-F29 and Bacillus sp. B31 were found to inhibit BRD4 [35] .
Puissant et al. also demonstrated a robust correlation of the sensitivity of bromodomain inhibition to MYCN amplification, where BRD4-mediated inhibition of MYCN impaired growth and induced apoptosis in neuroblastoma [36] . Furthermore, the study showed that MYCN amplification was the top predictive marker of neuroblastoma responsiveness to BRD4 inhibition. Therefore, BRD4 inhibition is a vital target for neuroblastoma therapeutics, and future clinical studies on natural BRD4 inhibitors, such as 2,5-DKPs, could make way to the development of additional impactful neuroblastoma therapies.
Recently, Wu et al. created a mouse model of MYCN amplified RB and studied its response to MYCN inhibition [37] . Downregulation of MYCN expression initially led to cell cycle arrest and partial regression of RB tumors. Over time, the tumors reemerged, suggesting they evolved to overcome their MYCN dependence. In some of the reemerged tumors, there was an amplification of the MYCN target gene Mir-17-92 [37] , but further studies are needed to understand its role in RB development. Because MYCN suppression only inhibit RB progression for a short period, co-administration of MYCN inhibitors with another agent is necessary for long-term impact.
ARF/MDM2-MDMX/p53
It has been proposed that changes in the p53 mechanism, which induces apoptosis, are needed for RB cells to proliferate. While p53 inactivation has been used in murine RB models, no p53 mutations have been characterized in human RB [26] . Instead, there are high expression levels of MDMX (or MDM4) and MDM2, two p53 inhibitors [38] . For cells with an intact p14ARF/MDM2-MDMX/p53 pathway, when RB1 is loss, E2F induces the expression of p14 ARF ; p14 ARF inactivates MDM2, and the cell enters p53-mediated apoptosis [39] . In RB primary cells, p14 ARF mRNA level increases while its proteins are undetectable; MDM2, MDMX, and p53 are present [38] . Inhibition of this pathway can slow RB cell proliferation, which shows its potential as a therapeutic target.
Beta-lapachone, Paclitaxel, and Wortmannin
Beta-lapachone, paclitaxel, and wortmannin are natural agents found to interact with ARF/MDM2-MDMX/p53 pathway in human RB Y79 cell cultures [40] [41] [42] . Beta-lapachone is a naphthoquinone found in the bark of the Tabebuia impetiginosa; its bioprocessing leads to high concentrations of reactive oxygen species [40] . Paclitaxel is a diterpene taxane compound isolated from the bark extract of Taxus brevifolia; it binds to tubulin and disrupts the dynamic assembly of microtubules, a crucial component in cell division [43] . Wortmannin is a PI3 K inhibitor derived from the fungi Penicillium funiculosum. All three compounds decreased levels of phosphorylated Akt (pAkt), which inhibited the phosphorylation and nuclear transport of MDM2 [41] .
Lineariifolianoid A and Japonicones A
Qi et al. showed that MDM2 promotes RB cell proliferation through MYCN induction, and depletion of MDM2 severely inhibits growth [44] . Lineariifolianoid A (LinA) and Japonicones A (JapA) are sesuiterpenoid dimers found to reduce MDM2 levels in breast cancer cells by targeting the NFAT-MDM2 pathway [45, 46] . Both compounds were originally isolated from traditional Chinese medicine plants: LinA from Inula lineariifolia and JapA from Inula japonica [46, 47] . Because they inhibit MDM2 activity and RB cells depend on MDM2, LinA and JapA may be potential RB cell inhibitors.
HIF-1
Another transcription factor active in RB is HIF-1 (hypoxic inducible factor 1), which plays a key role in cellular response to the hypoxic microenvironments found in solid tumors and the vitreous cavity of the eye. It upregulates genes involved in angiogenesis (e.g. VEGF) and metabolism (e.g. PDK1) [48] . For RB, this process is particularly important, as cells originate in the highlyperfused retina but seeds into the hypoxic vitreous humor of the eye. HIF-1 is composed of two subunits: the hypoxia induced HIF-1-alpha and the constitutively expressed HIF-1-beta. Previous studies have reported intricate interactions between p53 and HIF-1-alpha [49] . Knockdown of HIF-1-alpha was shown to reduce proliferation, induce cell cycle arrest, and promote apoptosis in Weri-RB1 cells under hypoxic conditions [50] .
Trichostatin and topotecan
Under normoxic conditions, Von Hippel-Lindau tumor suppressor (pVHL) recognizes the prolyl hydroxylated HIF-1-alpha and signals for the latter's polyubiquitination and proteosomal degradation. When cells are hypoxic, an increased expression of histone deacetylases (HDAC) downregulates pVHL, increases HIF-1 activity, and promotes a metabolism shift favorable for hypoxia [51, 52] . Trichostatin is a fungistatic antibiotic originally isolated from Streptomyces hygroscopicus [51] and it selectively inhibits the class I and II mammalian HDACs. As a result, cells retain their inefficient metabolism in hypoxia, thereby slowing down RB progression into the vitreous humor.
Camptothecin (CPT) is a cytotoxic quinoline alkaloid isolated from Camptotheca acuminata that inhibits DNA enzyme topoisomerase I (Topo1). Topo1 normally introduces transient breaks in the DNA helix to remove local supercoils during the S-phase of cell cycle [53] . CPT binds to the Topo1-DNA complex and prevents the religation of the nicked DNA ends [53] . The complex blocks the advancing replication fork and results in lethal DNA damage. The camptothecin-analog topotecan (TPT) is currently accepted in the standard intra-arterial chemotherapy treatment for RB. Even for advanced bilateral RB, systemic topotecan when combined with vincristine and carboplatin achieved 78% ocular salvage and 80% preserved vision [54] . TPT is a topoisomerase I inhibitor, but it can also decrease the rate of HIF-1-alpha translation in U251 human glioma cells [52] . This pathway was shown to be independent of DNA damage during replication [52] . In a histological trial analyzing paired biopsies pre-and post-oral TPT treatments, TPT was shown to decrease HIF-1 alpha expression in advanced solid tumors [55] .
Nuclear factor ÄB
Nuclear Factor B (NFB) is a transcriptional factor normally found to be silent in the cytoplasm until external signal induces the phosphorylation and degradation of the Inhibitor of NFB (IB). After translocating into the nucleus, NFB activates on proliferative genes (e.g. cyclin D1 and myc) and antiapoptotic genes (e.g. Bcl-1 and IAP-1). While NFB and IB are unlikely to be found mutated in cancer cells, the pathway is often constitutively active [30, 56] and contributes to tumor progression and drug resistance. In addition to cancer, NFB has been studied in other contexts including chronic inflammation, autoimmune diseases, and viral infections [57] .
Celastrol
Celastrol (tripterine) is isolated from the root extracts of Tripterygium wilfordii (Thunder god vine) and belongs to the family of quinone methides. Celastrol is derived from Celastrus orbiculatus and has broad spectrum antitumor activity [58] . It was found to inhibit IB kinase (IKK) activity and demonstrates anti-inflammatory and anti-tumor activities in animal models, suggesting its therapeutic potential. However, one of its limitation is its poor solubility in water. To test celastrol's effectiveness against RB, Li et al. loaded celastrol in PEG-b-PCL nanoparticles and administered them in a xenograft model of SO-RB50 cells in mice [59] . It was demonstrated that nanoparticles containing celastrol in PEGb-PCL decreased the levels of bcl-2, NFB p65, and phospho-NFB p65 indicating its anti-tumor efficacy.
Chebulagic acid
The natural compound Chebulagic acid (CA) is a benzopyran tannin derived from Terminalia chebula. It was originally discovered as an inhibitor of cyclooxygenase, a key thrombosis promoter. In RB cells Y79, chebulagic acid was found to act on three pathways [60] . First, it induces apoptosis by depolarizing the mitochondrial membrane potential, releasing cytochrome c, activating caspase 3, and shifting the bax:bcl2 ratio towards apoptosis. Second, it halts cell cycle by increasing the activity of p27, a CDK inhibitor responsible for repression at the G1 to S phase transition. And third, it inhibits proliferation of retinoblastoma cells by suppressing NFB [60] . Overall, CA inhibited proliferation of Y79 cells in a dose-dependent manner.
Uveal melanoma
Uveal melanoma (UM) is the most common intraocular malignancy with an incidence rate of 4.3 per million. It originates from neuroectodermal melanocytes in the choroid, ciliary body, and iris, and often metastasizes to the liver [61] . Clinical symptoms are usually nonspecific; painless visual distortions like flashes and floaters. As a result, UM is usually noticed during eye examinations [61] .
Genetic expression profiling categorizes UM into two distinct molecular classes -low grade class 1 versus high grade class 2-based on patterns of downregulated genes on chromosome 3 and upregulated genes on chromosome 8q [62] . Class 2 tumors have higher proliferation rates and epithelial to mesenchymal transition factors. Further analysis associates high PRAME expression with higher metastasis risks in class 1 tumors [63] .
GNAQ and GNA11 are oncogenes found to be mutually exclusively mutated in 83% of all uveal melanomas [64] [65] [66] . They encode for alpha subunits in G proteins (G␣ q/11 ) normally activated by serotonin receptors. However, the mutations at residue Q209 and R183 disrupt GTPase activities and render the proteins constitutively active. As a result, the proteins turn on downstream pathways such as MAPK, Rho/Rac/YAP, and PI3 K/AKT [67] [68] [69] . Various oncogenic transcription factors are targeted by different types of natural products as shown in Fig. 3. 
MAPK and PKC
Mitogen-activated protein kinase (MAPK) pathway involves a sequential phosphorylation cascade of RAF, MEK, and ERK proteins and regulates multiple transcription factors important in cell cycle (e.g. c-myc, CREB, and c-Fos) [30] . When the MEK1/2 inhibitor selumetinib was used against GNAQ-mutated UM cells, cell viability was less in tumor cells compared to wild-type cells [67] . Downregulation of RNA helicase DDX21 and cyclin-dependent kinase regulator CDK5R1 and upregulation of Jun were observed. MAPK pathway activation can be partially or temporarily inhibited by protein kinase C (PKC) inhibitors in UM cells, suggesting PKC induces MAPK activation. Combined treatment of MAPK and PKC inhibitors demonstrated synergistic antitumor effects [70] . Dual inhibitions of PKC/p53-MDM2 and PKC/mTORC1 were also found to regress preclinical models of metastatic UM tumors in a synergistic manner [71] .
Xanthones
Since PKC pathways are crucial in cell cycle progression, tumorigenesis and metastasis, natural inhibitors of these pathways have been studied in many cancer cells (e.g. curcumin in RB, as mentioned above) [72] [73] [74] [75] . Amongst these inhibitors are xanthones, which are plant-derived natural products with anti-tumor properties [76] . Semisynthetic and completely synthetic analogs of xanthones have also been studied as antitumor agents [77] . They have different levels of affinity and potency towards PKC isoforms. Isojacareubin (ISJ) is an antibacterial isolate from Hypericum japonicum with a xanthone scaffold, and it specifically interacts with aPKC, cPKC, and nPKC in hepatocellular carcinoma (HCC) [76] . ISJ downregulated the MAPK cascade, and overall, it inhibited HCC proliferation and metastasis.
Rho/Rac and YAP-TEAD
Yes-associated proteins (YAP) and TEAD transcription factors are known to be part of the Hippo signaling pathway that regulate organ size. During proliferation, YAP translocate into the nucleus and bind with TEAD to promote cell growth. When cells reach a certain density level, cell-cell signaling induces the degradation of YAP through phosphorylation and sequestration in the cytosol. However, in UM, activation of YAP is independent of Hippo and dependent on the GTPases Rho and Rac found downstream of G␣ q/11 signaling [68] . YAP-inhibition by verteporfin was shown to block tumor growth of GNAQ/11 mutated UM cells [78] .
Statins
Sorrentino et al. screened 640 clinically-used compounds for their potential to sequester YAP/TAZ in the cytoplasm and found the most potent agents belonging to the class of cholesterol-lowering drugs, statin [79] . Statins inhibit HMG-CoA reductase in the mevalonate cholesterol synthesis pathway and reduce geranylgeranyl pyrophosphate levels. As a result, statins inhibit Rho activation and the downstream nuclear translocation of YAP [79] .
Rho kinase inhibitors
Amen et al. studied the ethanol extract of Ganodermal lingzhi for the ability to inhibit Rho-kinases ROCK-I and ROCK-II and identified 35 compounds [80] . Lanostane triterpenoids were found to have the most potent activities. In another study, Su et al. virtually screened a natural product library and found phloretin and baicalein to inhibit Rho-kinase [81] . Phloretin is a dihydrochalcone found in apple and pears [82] . Baicalein is a flavonoid from Scutellaria baicalensis [83] .
ZEB1
ZEB1 is a transcription factor that promotes epithelialmesenchymal transition (EMT). It represses the epithelial marker CDH1 and induces the mesenchymal marker CDH2 to weaken cell-cell adhesion and to promote migration. Its role in malignant tumors and tumorigenesis is thought to be associated with this transition. Recent studies by Chen et al. showed that ZEB1 played a crucial role in UM's malignant progression [69] .
Resveratrol, enoxolone, magnolol, palmatine, and honokiol
Resveratrol is a polyphenol found in grapes and peanuts. Their mechanism of action as an anticancer agent in UM has not yet been elucidated. However, it was shown to suppress the growth of xenograft tumors of UM cell lines C918 and Mum2b in mice upon oral administration and to regress tumors upon peritumor injections. Induced cell death was at least partially caused by the mitochondrial apoptotic pathway [84] . In another study, resveratrol treatment was associated with increased levels of tumor-suppressor miRNAs in breast cancer cells by promoting the activity of Argonaute2 (Ago2) [85] . One of the amplified miRNAs was miR-200c, which inhibits ZEB1 expression. Hagiwara et al. showed that enoxolone, magnolol, and palmatine chloride also upregulate miR-200c and induce anti-cancer effect in breast cancer cells [86] . Enoxolone is found in the herb liquorice; magnolol is found in the bark of magnolia; and palmatine is found in several plants. Avtanski et al. showed that honokiol, another phenolic compound extracted from magnolia seeds, inhibited ZEB1 expression as well. It targets Stat3 recruitment on the promoter, thereby reducing transcription [87] .
Sebaceous cell carcinoma
Around the eye, sebaceous cell carcinoma (SCC) originates from the meibomian and pilosebaceous glands. It accounts for 1-5% of eyelid malignancies and is often mistaken for more common lesions like chalazion. Misdiagnosis results in a 50% mortality rate, as SCC is aggressive and can metastasize throughout the body. Most develop in the head and neck, where glands are more concentrated. Current treatment includes excision and cryotherapy or chemotherapy. Different types of natural products, which target various oncogenic transcription factors, are represented schematically in Fig. 4. 
Wnt/ˇ-catenin
Wnt is involved in a highly conserved signaling pathway known for its role in embryonic development. It was first discovered as a proto-oncogene in a breast cancer cells. The pathway starts with Wnt factors binding to Frizzled receptors, which trigger a cascade to inactivate glycogen synthase kinase 3-␤ (GSK3␤). This prevents GSK3␤ from phosphorylating and degrading proteins like ␤-catenin. ␤-catenin accumulates and eventually moves into the nucleus, where it binds to transcription factors TCF/LEF (T-cell factor/leukocyte enhancer factor). TCF/LEF are responsible for growth and proliferative genes [30] .
In SCC, 30% of the cases involve a mutation in a downstream target of Wnt signaling, LEF-1 [88] . LEF-1 normally binds with TCF-3 and ␤-catenin, forming transcriptional complexes that regulate the expression of cell fate genes [89] . High levels of ␤-catenin stimulate hair follicles while low levels stimulate sebaceous cells [90] . A mutation in LEF-1 preventing its interactions with ␤-catenin resulted in the disruption of skin differentiation, and the overexpression of this mutant resulted in the formation of tumors with sebaceous characteristics [91] . And to further contribute to this tumorigenesis story, LEF-1 was found to induce p53-and p-21 dependent checkpoint regulation in cell cycle [92] .
Genistein, kaempferol, isorhamnetin, and baicalein
Genistein is found in soybeans and soy products [93] . Kaempferol and isorhamnetin are found in fruits and vegetables [94, 95] . As mentioned above, baicalein is isolated from the roots of Scutellaria baicalensis. These compounds are polyphenolic flavonoids found to target the interaction between ␤-catenin and TCF interaction in HEK293 cells [96] . Genistein also inhibits Akt phosphorylation and prevents pAkt from normally inhibiting GSK3␤. As a result, GSK3␤ continues to degrade ␤-catenin and prevents its interaction with LEF-1 and TCF. However, the latter mechanism of action is less relevant when LEF-1 is mutated and not interacting with ␤-catenin.
Hedgehog
Hedgehog (Hh) signaling pathway is also crucial in embryonic development. In skin, sonic hedgehog (Shh) is crucial for regulating the development of hair follicles and sebaceous glands [97] . Shh binds to the receptor Ptch, relieving its inhibition of Smoothened (Smo). This enables the downstream activation of Gli, PTCH, and TGF-beta. Hedgehog factor administered to the skin surface induced sebaceous gland development, even where sebaceous glands are not normally found [98] .
Berberine
Berberine (BBR) is a natural alkaloid compound found to inhibit growth of medulloblastoma in vivo by targeting Smo. It inhibits Smo from releasing Gli transcription factors that turn on proliferative genes [99] . A novel molecular mechanism responsible for the anticancer action of BBR was uncovered, thus opening the way for LGACCs can have high MYB expression as a result of t(6;9)(q22-23;p23-24) chromosomal translocation. MYB is inserted next to NFIB and loses its regulation by miR-15a/16 and miR-150. Celastrol inhibits MYB/p300 interactions. the use of BBR for cancer therapeutics in addiction to aberrant Hh pathway activity.
Other natural inhibitors
Cyclopamine is a naturally occurring alkaloid found in Veratrum californicum. Cyclopamine inhibits the Shh signaling pathway by influencing the balance between the active and inactive forms of Smo [100] . Other natural products such as curcumin, genistein, EGCG, resveratrol, quercetin, baicalen, and apigenin along with novel compounds isolated from Southeast Asian plants, such as the potent sub-micromolar gitoxigenin derivatives, act as inhibitors of Hh pathway [101] . Currently, several Hh pathway inhibitory drugs are in clinical development, and the FDA recently approved Erivedge (vismodegib) from Curis/Genentech for treatment of advanced basal cell carcinoma [102] .
Lacrimal gland adenocystic carcinoma
Lacrimal gland adenocystic carcinoma (LGACC) is a rare epithelial neoplasm in the eye (<1 in 2 million) with high metastatic rates and poor prognosis [103] . There is approximately 50% mortality rate within 5 years of diagnosis. Treatments include aggressive surgery and intra-arterial chemotherapy [103] [104] [105] [106] [107] . The overview of natural products targeting MYB in LGACC is shown in Fig. 5 . Though not discussed here, Notch, Wnt, TGF␤, and Hh signaling are important pathways for EMT for LGACC as well [108] .
MYB
LGACC is molecularly characterized by the overexpression of the oncogene MYB that is typically a result of a t(6;9)(q22-23;p23-24) chromosomal translocation, during which MYB fuses with NFIB. This translocation is found in 85% of adenoid cystic carcinomas (ACC) and 50% of LGACCs [109, 110] . The 3 untranslated region (UTR) is disrupted during this process and can no longer be targeted by MYB-inhibitors miR-15a/16 and miR-150 [111] .
Mexicanin-I
Sesquiterpene lactones were screened for MYB-inhibition in myelomonocytic chicken cell lines, and mexicanin-I, isolated from Arnica species, was identified to be a low-molecular weight inhibitor of MYB-inducible gene expression [112] . The molecular mechanism for mexicanin-I has not yet been elucidated. 
Celastrol
As mentioned earlier, celastrol is a triterpenoid isolated from Tripterygium wilfordii. In RB cells, it was found to inhibit the NF-B pathway. In acute myeloid leukemia cells, it was found to inhibit MYB activity by blocking its interaction with p300, a transcriptional cofactor [113] .
Challenges and prospects
The development of chemotherapeutic drugs from natural compounds is not a simple task, especially since little is known regarding the application of naturally-derived compounds on ocular cancers. However, the chemotherapeutic effects of natural compounds have been studied in greater detail in malignancies of other organs (Table 1) . Utilizing these studies with overlapping cancer mechanisms in the eye can serve as a prudent starting point for the development of ocular chemotherapeutics.
It is not uncommon that natural agents are able to target the same pathway across multiple cancer cell types. The most successful example is paclitaxel (Taxol). Its antiproliferative activity was first recognized in ovarian cancer and twenty years later, its potential was unveiled in refractory breast cancer [114] . Such a smooth transition for the alternative use of a drug is not always the case. Further molecular and pharmacological characterization is still necessary for validating natural products' activities in eye cancer. However, understanding their effects in other solid tumors provides a start for choosing promising compounds to study in eye cancer.
Upon identification of a natural compound as a potential chemotherapeutic agent, the active molecular component must be identified and isolated. Natural extracts are usually comprised of multiple compounds, and active components need to be distinguished from confounding molecules when identifying exact targets and pathways responsible for antiproliferative activities. Adding to this challenge, natural products can also have multiple targets. For instance, celastrol is known to modulate the expression of MHCII, HO-1, iNOS, NFkB, Notch-1, AKT/mTOR, VEGF, CHOP, JNK, and so forth [115] . Advances in high-throughput screening technologies allow for the careful testing of natural agents against purified enzymes. By excluding confounding molecules, they increase the likelihood of identifying key oncotargets for "cleaner" pharmacological responses in the future.
Even after purification of a natural compound, additional chemical modifications may need to be performed to optimize the functionality of the compound. While natural products are shown to exhibit antiproliferative activities in various cancers, they have not undergone evolutionary selection in nature to be cancer therapeutics per se. In other words, they have not been fine-tuned in solubility, stability, bioavailability, and specificity for cancer therapy. Chemical modifications of compounds based on natural product scaffolds can facilitate this process. For example, two bacterial natural products FR901464 and paldienolide were used to develop the synthetic analogs sudemycin that exhibited improved cytotoxicity, solubility, and stability [116] [117] [118] . Therefore, natural products can be expanded into diverse chemical libraries with potentially better chemotherapeutic properties tailored to specific cancers.
Conclusions
Natural products comprise of approximately half of the drugs in chemotherapy, but little is known regarding their effects on eye cancer. The mechanisms of these drugs have been studied in greater detail for malignancies in other organs, shedding insight on how they can potentially modulate key pathways that overlap in eye cancer. Identifying a natural compound as a potential chemotherapeutic agent is the initial step in a long process that will require the isolation of its active component, further studies on active component selectivity, and chemical modification to fine tune its effects. With this review, we hope to further encourage translational research in ocular oncology drug discovery by discussing important pathways in eye cancer and natural agents known to affect these pathways in other well-studied cancers.
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